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1,000 diabetic patients per year in the United States (5) . It is therefore of importance to public health to characterize those with higher rates of hospitalization so that prevention efforts may be targeted.
Few studies have examined the factors associated with postonset hospitalization in young persons with Type 1 diabetes of short duration. Lower socioeconomic status (6) (7) (8) (9) (10) (11) and poor metabolic control (6) (7) (8) 11) have been suggested to increase risk. However, studies from the early and mid-1980s may not be entirely relevant as many changes in diabetes care have occurred in the last decade, including new technology for home blood glucose monitoring (12) .
Our study uniquely examines hospitalization in a current, population-based cohort of individuals followed continuously from diabetes diagnosis. The longitudinal data set allows multivariable investigation of important time-varying risk factors. We also have as nearly as possible characterized the cause of each hospitalization. Thus, we are in a position to comprehensively investigate postdiagnosis hospitalization rates and risk factors in individuals with early Type 1 diabetes in the community.
vited to enroll in the study between May 1987 and April 1992. This area of central and southern Wisconsin was estimated from 1990 census data to contain 66 percent of the state population (<30 years). Diabetes was defined by classic symptoms of polyuria and polydipsia with initiation of exogenous insulin use.
Recruitment proceeded by physician, nurse, and educator referral and by self-report. All hospitals and most multipractice clinics in the study area were called every 3 months to ascertain any missed cases. A total of 733 individuals were identified. Among those hospitalized at diagnosis, 97 percent of children, 82 percent of adolescents, and 23 percent of those over age 18 are estimated to have been identified, resulting in an overall ascertainment rate of 82 percent. The lower ascertainment rate at higher ages is due to diagnosis predominantly by family and internal medicine practitioners, who were more widely dispersed and less effectively monitored than hospitals and clinics.
Among the 733 identified, 577 provided hospitalization data for this analysis, resulting in 2,441 personyears of observation up to October 1994. The participation group did not differ in sex distribution from the total referral group (52 percent male in both). Age distribution differed little (47 percent were age 0-9 years among participants vs. 45 percent among referrals). However, participants were more predominantly white (94 percent vs. 90 percent among referrals).
Data collection
Demographic information including birth date, parental educational level, parental occupation, family composition (for those under age 18), race, and sex was collected by telephone interview 2-3 months after diagnosis. The socioeconomic level was assigned using the scheme of Stevens and Cho (13) . A score between 14 and 90 ranks occupations from lowest to highest socioeconomic level. The mean for the 1980 labor force was 36.4 (corresponding to "construction inspectors"), with a standard deviation of 18.9. For two-custodian households, the higher of the two levels was used in the analysis. The diagnosis date was determined by abstracting hospital or clinic records. The site at diagnosis was coded as "university based" or "other." The two sites affiliated with universities were hospitals that had multidisciplinary teams headed by diabetologists providing patient education and care. The other sites were not associated with universities and may or may not have had diabetologists on staff. Family composition was derived from a comprehensive description of the living situation and grouped by the number of care givers in the household and their relationship to the child.
Subjects were asked to submit a specimen of blood at each routine visit to their clinic or physician, or every 4 months if no visit was scheduled. Prestamped mailing kits containing 5-ml ethylenediaminetetraacetic acid-treated tubes were provided. Among the 577 subjects in the present analysis, 19 percent returned less than one blood sample per year across their study duration, 29 percent at least one but less than two, 43 percent at least two but less than three, and 10 percent returned over three blood samples per year.
Questionnaires were mailed every 6 months to inquire about postonset diabetes-related hospitalizations. Hospitalizations and their cause were verified by record abstraction, with the cause coded as hyperglycemia, hypoglycemia, or "other known" (such as infection). Ketoacidosis, the most severe form of hyperglycemia, was identified by International Classification of Diseases (ICD) code 250.1 in the medical records. Among those admitted for hyperglycemia without this code, ketoacidosis was defined by a venous carbon dioxide or bicarbonate level of <11 mEq/liter. Insurance status was determined by record abstraction at the time of diagnosis and by queries on the 6-, 30-, and 42-month questionnaires. The 6-month questionnaire was most complete (98 percent), and fewer than 7 percent changed status between the time of diagnosis and return of the 6-month questionnaire (return time of the 6-month questionnaire was at a median of 9.6 months). Status reported on the 6-month questionnaire was used in these analyses as the best indication of the participant's insurance status soon after diagnosis (with status at diagnosis used for 10 individuals missing a 6-month response). Response categories were "none," "private with complete coverage," "private with partial coverage," or "Medicaid." Because of wide variation in the meaning of "partial coverage," the middle two categories were combined as "private insurance."
The return rate of questionnaires was at least 1.5-2 per year (as requested) for 61 percent of individuals, at least 0.5 but less than 1.5 for 37 percent of individuals, and less than 0.5 per year for 3 percent of the 577 individuals. Questionnaires inquired about hospitalizations during the entire time since the last questionnaire to minimize missing data.
Specimen handling and testing
Whole blood was hand delivered or mailed in plastic foam containers to the study's central laboratory, where it was analyzed within 7 days for total glycosylated hemoglobin by Isolab Glycaffin (Isolab, Akron, Ohio) microcolumn affinity chromatography. Assays were repeated when any duplicate within-assay values differed by more than 2.5 percent of their mean.
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Internal standards stored at -70°C were evaluated for stability over time and showed no trend. Within-assay variability was ±1.1 percent for case samples and ±0.9 percent for internal standards. Internal standards from nondiabetic pediatric and young adult subjects had a mean total glycosylated hemoglobin value of 5.5 (standard deviation, 0.77) percent.
Statistical methods
Means, standard deviations, and percentages were used for description of the sample. Analyses were performed using SAS (14) and S-PLUS (15) software. Results for hospitalizations are presented as rates and rate ratios (RR) by subgroups of interest. The rate of hospitalization was obtained as 100 times the number of hospitalizations in a given group and/or time period divided by the number of person-years of observation in the same group and time period. The standard error of each rate was obtained by standard methods (16) .
For significance testing and examination of multiple risk factors simultaneously, the number of hospitalizations for each person in each 6-month time period was entered in a Poisson regression analysis with a logarithmic link and independence working correlation (17) using the generalized estimating equation SAS macro of Karim and Zeger (18) . We report the adjusted rate ratios obtained by exponentiating the regression coefficient and 95 percent confidence intervals obtained from the robust estimate for the standard error of the regression coefficient, p values were determined from the Wald statistic for significance of each coefficient. The time-varying covariates total glycosylated hemoglobin and age were updated to correspond to their mean values during each 6-month period. Duration was entered as months since diagnosis at the end of each 6-month interval. Because of missing total glycosylated hemoglobin and other values, the multiple Poisson regression analysis was based on 558 subjects with a total of 3,501 six-month intervals or 1,751 person-years of observation, unless otherwise indicated. Comparison of univariate results from this subset with the complete data did not reveal any notable differences. The potential effect of noncompliance with study protocol was also investigated by including the return rates of questionnaires and blood samples in the model as main effects and as interaction effects with important covariates.
Analyses were repeated by cause of hospitalization (in this case deleting intervals with hospitalizations for other causes). Variables and two-way interaction effects significant at p < 0.05 were retained in the multiple regression.
For comparison with a previous study (6), we also report for the age group 8-13 years the cumulative Kaplan-Meier estimate of the risk of being hospitalized, postonset, at least once in the first 2.5 years of diabetes. Table 1 gives descriptive information on the sample. The overall hospitalization rate was 8.9 per 100 person-years with a standard error of 0.60. Among all % n = 500, aged <18 years. § n = 576, reporting on insurance coverage. D n = 559, submitting a total glycosylated hemoglobin specimen; mean is average within-person mean across study duration.
RESULTS
Am J Epidemiol Vol. 146, No. 8, 1997 participants, 22.9 percent were hospitalized at least once and 6.6 percent more than once. There were 191 subjects in the age range 8-13 years, of whom 46 had a hospitalization within the first 2.5 years after diagnosis. This resulted in a Kaplan-Meier estimate of 25 percent risk of at least one hospitalization during the first 2.5 years in the age group 8-13 years.
Overall hospitalization rates by subgroups Table 2 presents overall hospitalization rates for all subgroups. Race, total glycosylated hemoglobin, family composition, and age were all significantly related to hospitalization rate. Sex and diagnosis at a university-based site approached statistical significance. The total glycosylated hemoglobin level had the strongest association with hospitalization rate among the univariate comparisons. Trends toward a higher hospitalization rate with lower education of the mother and lower occupational status were not statistically significant nor was there a consistent trend in rate with diabetes duration, although the rate was slightly lower in some later years. For family structure, the rate ratio was similar for living with two biologic parents versus one biologic parent alone and versus one biologic parent together with a nonbiologic care giver. Further modeling was therefore based on two biologic parents versus other family compositions combined. Similarly, private insurance versus Medicaid or none was chosen as the most important dichotomy for insurance status for further modeling. Table 3 shows rate ratios from joint regression analyses of all significant risk factors. Comparison with rate ratios in table 2 reveals little confounding, so that risk factors are independent with a few exceptions. All factors significant or borderline in univariate analysis were significant after adjustment for all other significant factors.
Multiple Poisson regression results
Two models are shown in table 3 to illuminate the relation of hospitalization to family composition as this variable is relevant only at ages below 18. There is strong confounding with race, such that the two variables are essentially exchangeable in the model. However, when both variables are included in the same model, race is no longer significant.
Both models indicate an interaction effect between age and sex (p -0.006, p = 0.034) and between duration and insurance status (p = 0.004, p = 0.007), respectively. After adjustment for total glycosylated hemoglobin, the rise in hospitalization rate in adolescence is modified, and a decreasing trend with age emerges in males. In females, the adolescent peak is not completely eliminated, but as a quadratic term for age is not statistically significant, the rate cannot be shown to be affected by age in females. A less pronounced drop in rate postadolescence in females also contributes to the flat age trend. Higher hospitalization rates in females remain in all age groups (crude rates per 100 in the four age groups were 7.4, 7.8, 10.6, and 2.4, respectively, for males and 8.3, 8.5, 15.2, and 8.3, respectively, for females). The fit of the regression model describing adjusted trends was verified by cross-tabulation of rates by sex, total glycosylated hemoglobin, and age (not shown).
Rate ratios for nonprivate versus private insurance (shortly after diagnosis) adjusted for other significant variables are significantly higher for time periods through 18 months but not thereafter. A similar trend was found when year-specific rates were compared by insurance status reported on the 6-, 30-, and 42-month questionnaires (not shown). However, as the time of any change in insurance status was known only to have occurred in the interval between questionnaires, this precluded using insurance status as a timedependent variable in the regression models. A model containing all study variables was also fit (not shown) but did not result in change in significance or magnitude of coefficients for the significant risk factors.
Entering compliance indicators (for both blood sample and questionnaire return) in the models had little effect on the coefficients, and coefficients for the compliance indicators were not significant (all p values > 0.13). A further step involved entering all interactions between compliance indicators and risk factors and readjusting risk factor coefficients to the mean compliance of all study participants. This analysis also showed little change in coefficients. The only notable change in rate ratio was that for diagnosis setting, which increased to 2.27 after adjustment to mean questionnaire compliance.
Cause-specific hospitalization rates by subgroups
The cause of hospitalization was ascertained for 200 of 216 cases (93 percent). The cause-specific hospitalization rates were 5.7 ± 0.48 (standard error) per year for hyperglycemia, 1.9 ± 0.28 for hypoglycemia, 0.6 ± 0.16 for other known diabetes-related causes, and 0.7 ± 0.16 for unknown causes. The rate of hospitalization for hyperglycemia reflects 138 cases, of whom 85 (62 percent) had ketoacidosis at admission. Table 4 shows cause-specific hospitalization rates by the risk factors found significant in the overall analyses. For brevity, information for "other" and "unknown" causes is shown only when at least one of the subgroups contains more than 10 cases. Note that cause was more frequently "unknown" for black or other race. As expected, most risk factors associated with the overall hospitalization rate are also associated with hospitalization for hyperglycemia. Multivariate
Poisson regression models were fit to separately compare those with hyperglycemic (n = 97) and hypoglycemic (n = 37) hospitalizations in a given time period with individuals without hospitalization in the same time period. For hyperglycemia, all variables significant in the model for overall hospitalization were significant, including the sex-by-age and duration-byinsurance status interactions. The rate ratio for those Am J Epidemiol Vol. 146, No. 8, 1997 not diagnosed at a university-based setting increased to 2.0 after adjustment for the other variables. For hypoglycemia, the model showed a decreasing hospitalization rate with age (p < 0.001) and an increased rate among those diagnosed at a non-university-based setting (p = 0.05). No other risk factors contributed significantly to this model. However, there were too few hospitalizations in subcategories of race and insurance status to allow these factors to be considered in the model.
DISCUSSION
Type 1 diabetes is a major cause of preventable hospitalization. Our study is unique in following a population-based cohort from diagnosis and in having available an extensive set of longitudinal risk factor measurements. We show that, among children already diagnosed with Type 1 diabetes, the rate of diabetesrelated hospitalization is as high as 10 percent per year, at least up to 5 years' duration. This rate is roughly consistent with available population figures of 0.3 hospitalizations per 1,000 population and diabetes prevalence of 2 per 1,000 population (1, 2).
Other studies among youngsters with diabetes have similar findings. For example, in our study as well as that in Pittsburgh, a group of children 8-13 years of age at diagnosis had a 25 percent risk of hospitalization within the first 2.5 years of diabetes (6). Our rate is also comparable with older reports for persons up to 19 years of age. For example, a Colorado study from 1978 to 1982 reported a rate of 8.4 percent during the first year postonset (9) , and a Rhode Island study from 1978 to 1983 reported an annual rate of 7.3 percent during the first 3 years postonset (8) . Thus, hospitalization rates do not appear to have decreased with improved diabetes care technology. As 69 percent of our hospitalizations were due to hyperglycemia and 24 percent to hypoglycemia, problems with glycemic control account for the majority of preventable hospitalizations.
Our study identified several independent risk factors for hospitalization, with glycemic level as measured by total glycosylated hemoglobin by far the strongest. In Europe, among persons 15-60 years of age with a mean duration of diabetes of 10 years, hospitalizations for ketosis increased cross-sectionally with increasing quartiles of glycosylated hemoglobin, after adjustment for age and duration (19) . The Pittsburgh study and its follow-up assessed rates in younger persons (aged [8] [9] [10] [11] [12] [13] earlier in the course of diabetes (2.5 years and up to 14 years, respectively) (6, 11) . These reports showed that, after adjustment for age at onset, socioeconomic status, and certain psychologic characteristics, there was a 1.7-fold increase in hospitalization rate in the first year and a 2.6-fold increase at 2.5 years with a 1-standard deviation increase in glycosylated hemoglobin A, level. In our study, the standard deviation of total glycosylated hemoglobin was 2.3 percent, leading to a slightly lower adjusted rate ratio of 1.5. A previous comprehensive overview (20) indicates that the level of glycemic control in our population is comparable with that of other population-based studies. We did not confirm results from the Pittsburgh study (6) of an increase in the association of the hospitalization rate with total glycosylated hemoglobin with duration.
As we examined hospitalization rates across a broad age range, we identified trends with both age and sex. High glycemic levels explained the majority of these age-related trends, especially for males. Unadjusted hospitalization rates were very high in adolescence for both sexes, coinciding with high total glycosylated hemoglobin (20) . Interestingly, the hospitalization peak for males was entirely explained by these levels, and the rate dropped dramatically after adolescence. For females, the adolescent increase was not explained, especially in hyperglycemic hospitalization. The postadolescence drop was also less pronounced. It may be speculated that this phenomenon is related to difficulty with glycemic control previously reported for adolescent females. For example, in Denmark, it was found that, although females had glycemic levels similar to those of males, the insulin dose required was higher (21) . It is also possible that females tend to allow high glycemic excursions to promote weight control and that this tendency continues into early adulthood (22) .
We had expected socioeconomic factors to play a role in hospitalization. It is well known that a lower socioeconomic stratum and a lower educational level are related to a broad range of health conditions (23) . The literature regarding hospitalization in persons with Type 1 diabetes, although not conclusive, suggests a relation as well (6-11). Fishbein et al. (7, 8) reported a higher frequency of readmissions for those with lower socioeconomic status, as measured by residence, and Hamman et al. (9) found a 2-to 4-fold increase in risk among persons with lower family income and parental education levels. Recently, the Pittsburgh group reported an increased risk of hospitalization for those with a lower socioeconomic status, as measured by the Hollingshead index, which was significant after adjusting for glycemic control, age at diagnosis, and certain psychologic characteristics (6, 11) . In our data, a very slight indication of association was seen at the extremes; among those whose mothers had a college education the rate was slightly lower, and among those in families with an occupation code in the lowest Am J Epidemiol Vol. 146, No. 8, 1997 Hospitalization in Type 1 Diabetes 635 quartile, the rate was slightly higher. However, these tendencies were negligible.
We found a stronger association of hospitalization rate with race and family composition, which may be markers of socioeconomic stresses in a more direct sense. The relation between these factors and hospitalization rate in children with diabetes was examined previously with mixed results (10, 11) . For family composition in our cohort, the distinction between living with two biologic parents versus all other situations appeared the strongest. However, some subgroups (such as adoptive parent situations) were too small to differentiate with respect to hospitalization rate. Family-related variables, such as conflict and communication, have previously been shown to play a role in glycemic control (24) , but our association remained after adjustment for total glycosylated hemoglobin. Family functional characteristics may therefore affect other aspects of diabetes control as well.
Our population is predominantly white, limiting our ability to investigate racial factors in hospitalization. Previous investigations have found both black adults (25) and black children (26, 27) to be in worse metabolic control. One study (26) searched for psychosocial factors including family functioning, social support, and involvement with the health care system, which may explain the difference, but did not find any. However, this study included only 27 black and 27 white children. It has also been found that black children are more often hospitalized for diabetic ketoacidosis (27) . This last study found a rate ratio of 2.3 for black versus white children, which is similar to our estimate of 2.7 for all hyperglycemic hospitalizations. There seems to be little doubt that black children experience more frequent hospitalization. The reasons for this remain elusive, as almost all studies have been small. In contrast to previous research (26), our study indicates that family functioning may contribute to the excess.
Another indication of socioeconomic level, medical insurance status, was found to have a strong association with hospitalization in the first 18 months postdiagnosis. It has been reported that individuals without health insurance often seek their primary care from emergency rooms and hospitals (28) . Such findings have been attributed, at least partly, to the lack of organized care typical of individuals with private health insurance and individual physicians or health plans. In line with this, individuals entering diabetes care through a university-based site had a postonset hospitalization rate two thirds of those who did not. The university-based setting may constitute a higher level of organization or technically more comprehensive diabetes care, perhaps due to a higher volume of patients. Unfortunately, we could not reliably separate other sites with respect to the care provided. Interestingly, the diagnosis setting difference is not explained by glycemic control, as adjustment for total glycosylated hemoglobin does not notably change the rate ratio. Thus, other aspects of care must play a role. Herein may lie some of the most important keys to preventing hospitalization.
Achieving a high level of recruitment and ongoing compliance is difficult in a population-based, geographically dispersed sample. While our participants were similar to all referrals with diabetes with respect to age and sex, there was underrepresentation of blacks and other races. Minority recruitment and retention have, unfortunately, proven difficult in many studies. As our group includes a continuum of compliance with study protocol, we were in a position to assess the potential effect of noncompliance and found it to be very small. With improved compliance among all participants, we would likely have detected more hospitalizations, but our conclusions regarding the role of the risk factors would be unlikely to change.
Overall, our findings point to unacceptably high hospitalization rates persisting among children and adolescents with diabetes in the community. Poor glycemic control appears to be a central correlate of the majority of the hospitalizations. However, several health care and social factors play important roles and are independent of the overall level of glycemic control. These deserve careful scrutiny for curbing the high economic and personal costs of preventable hospitalization.
